identified by locomotive (sinusoidal) body movements and pharyngeal muscle 159 contractions (pumps). Recorded frequencies of pumps were measured post hoc and 160 graded as high, medium, or low on a scale set by the mean and standard deviation of 161 age-matched, wild-type worms. Lethargic worms were identified by the absence of 162 detectable pumps or locomotion, combined with a rectilinear or hockey stick-like body 163 posture (Iwanir et al., 2013; Raizen et al., 2008) . Separation of the preexisting cuticle 164 from the body and detection of its remnants on the culture plate signified the 165 commencement and completion of ecdysis (Singh and Sulston, 1978) . 166 The actograms in Figure 1B of all three let-7 sisters (Supplemental Table 3 ). 253
To determine the extent to which NHR-23 activates the let-7 promoter, we 254 compared the expression of a let-7p::nls-gfp transcriptional reporter (Kai et al., 2013) in 255 stage-restricted nhr-23(RNAi) and mock-treated animals via quantitative fluorescence 256 microscopy. Beforehand, we measured the intensity of GFP in epidermal nuclei of 257 transgenic animals developing from L3 into adults. GFP was barely detectable early in 258 L3 and L4, but the signal intensified throughout both stages and peaked during the 259 subsequent molts (data not shown). Accordingly, transgenic animals were imaged early 260 in the L3/L4 and L4/A molts ( Figure 2B and 2C). At both stages, the signal intensity in 261 hyp7 nuclei was 2.3 ± 1.3-times (mean ± SD) lower in nhr-23(RNAi) than mock-treated 262 animals. Levels of GFP in seam nuclei were more variable during the L3/L4 than the 263 L4/A molt, possibly due to continuation of the cell cycle. Even so, the average signal 264 intensity in the seam was lower in nhr-23 knockdowns than mock-treated animals during 265 both molts. 266
As a complementary approach, we used TaqMan qRT-PCR to measure and 267 compare the levels of both primary let-7 transcripts and mature let-7 in L4-restricted 268 nhr-23(RNAi) versus mock-treated, wild-type animals. For this purpose, we collected 269 and processed regular 2-h time samples of synchronized populations developing from 270 L3 to adulthood. Comparable levels of pri-let-7 were initially detected in both cohorts 271 ( Figure 2D ). Levels of pri-let-7 detected in mock-treated animals peaked at mid-L4 -272 4.6 times higher than the preceding trough. In contrast, pri-let-7 levels either decreased 273 or marginally increased in comparable time samples of nhr-23(RNAi) animals. 274
Furthermore, levels of mature let-7 detected in both mock-treated and nhr-23(RNAi) 275 animals initially increased during the L3 stage ( Figure 2E ). However, levels of let-7 in 276 mock-treated animals increased by another 160% across the L4 stage and L4/A molt, 277 whereas levels of mature let-7 stagnated in nhr-23(RNAi) animals, even though only 278 35% of nhr-23(RNAi) animals were observed to be molting defective under the 279 experimental conditions. Molting-defective larvae were first observed as levels of let-7 280 plateaued, consistent with the attribution of both phenotypes to the knockdown of 281 nhr-23. Thus, both pulsatile expression of pri-let-7 and accretion of mature let-7 partly 282 depend on the function of nhr-23. 283
284
The 3′UTR of nhr-23 contains a repressive element complementary to let-7. 285 We next asked whether let-7-family miRNAs target nhr-23 transcripts in 286 developing larvae. Direct inspection of the 868-bp 3′UTR identified four sites partly 287 complementary to let-7s (Mangone et al., 2010). One -hereafter, the let-7 consensus 288 site (LCS) -perfectly complements the 5′ seed region ( Figure 3A and Supplemental 289 Table 2 ). To test the function of these sites, we constructed a suite of bicistronic 290 reporters for post-transcriptional, cis-regulatory elements that were housed in 291 extrachromosomal arrays and expressed in transgenic strains ( Figure 3B) . Briefly, the 292 coding sequence of tandem (td) tomato was fused with the 3′UTR of interest, while the 293 coding sequence of GFP was fused with the 3′UTR of unc-54, which is not targeted by 294 let-7s. An SL2 trans-splice site bridged the two fusion genes. The promoter of dpy-7 295 drove expression of the operon in the hypodermis. Transgenic animals were imaged 296 during the L4/A molt, when both dpy-7 and mature let-7 are highly expressed in the 297 epidermis ( Figure 3C ). Signals from tdTomato were quantified and normalized to signals 298 from GFP within each worm ( Figure 3D and 3E ). This approach controlled for potential 299 differences in gene expression associated with particular arrays or mosaic animals, 300 rather than the test 3′UTR combined with tdtomato. 301
The 3′UTRs of unc-54 and lin-41 were cloned into bicistronic reporters used as 302 negative and positive controls, respectively (Vella et al., 2004) . Levels of tdTomato were 303 conspicuously higher when combined with the 3′UTR of unc-54, rather than the 3′UTR 304 of lin-41. The corresponding ratiometric (tdTomato/GFP) values were 2.31 ± 0.32 and 305 0.68 ± 0.19 (mean ± SD). The observed value of 2.3 approached the predicted value of 306 2.4 for the negative control. This similarity corroborated two presuppositions: 1) that 307 trans-splicing would be nearly 100% effective, and 2) that tdTomato and GFP would 308 have nearly equivalent half-lives in vivo (Supplemental Figure 2) . 309
Normalized levels of tdTomato were 5.7-times lower when combined with the 310 3′UTR of nhr-23, rather than unc-54. Any difference in the efficacy of trans-splicing or 311 nonsense-mediated decay of pre-mRNAs could not account for the apparent repression 312 of tdTomato, as no significant difference was detected in the absolute intensity of GFP 313 expressed from either bicistronic reporter (1076 ± 704 a.u. versus 829 ± 392 a.u., 314 respectively). To identify the specific repressive elements(s), we systematically excised 315 each of the four sites partially complementary to let-7 from the full-length 3′UTR of 316 nhr-23, generating four additional bicistronic reporters. Excision of the LCS led to a two-317 fold increase in the ratio of tdTomato/GFP signals, relative to the average ratio (0.40 ± 318 0.10) associated with the unaltered reporter for the 3′UTR of nhr-23 ( Figure 3E) . 319
Shortening the 3′UTR could not explain the de-repression of tdTomato, considering that 320 three similar 21-nt deletions led to customary or lower levels of tdTomato, as compared 321 with same-day controls. Thus, the 3′UTR of nhr-23 contains a functional LCS, consistent 322 with the model that let-7s bind and repress the expression of nhr-23 transcripts during 323 the fourth molt and possibly earlier molts as well. 324 325 let-7 dampens the expression of nhr-23 and the shared target mlt-10. 326 We next sought to characterize the relationship between let-7s and the oscillatory 327 expression of nhr-23 during larval development. For this reason, we used CRISPR/cas9 328 technology to precisely excise the 21-nt LCS from the endogenous nhr-23 locus (Paix et 329 al., 2015) . The resulting allele -nhr-23(aaa20) -was out-crossed to the standard N2 330 strain 3 times. Thereafter we collected let-7(n2853), wild-type, and nhr-23(aaa20) 331 samples of ~1,500 worms at regular 2 h intervals-22-50 h after synchronized 332 hatchlings were released from starvation and cultivated on food. RNA was extracted 333 from each sample and the relative abundance of nhr-23 transcripts determined by 334
TaqMan qRT-PCR ( Figure 4A ). Anticipating that these three strains might develop at 335 different rates, we counted pumping versus non-pumping worms before collecting each 336 sample. Lethargic phases were subsequently identified by troughs in the proportion of 337 pumping animals. Related graphs include 14 time samples encompassing three 338 lethargic and two active phases per strain. 339
Levels of nhr-23 transcripts waxed and waned as each cohort progressed from 340 L2 to adulthood ( Figure 4A and Supplemental Figure 3A ). Peaks were detected ~one-341 third of the way through L2, L3, and L4 in wild-type samples; however, the amplitude 342 declined from one stage to the next, indicative of dampening. Sharper peaks and wider 343 troughs were detected in let-7(n2853) animals. Indeed, the curve was ~5-fold steeper, 344 and the amplitude edged upward in successive developmental stages. Moreover, an 345 extra pulse of nhr-23 expression was detected in let-7(n2853) samples, consistent with 346 the onset of a supernumerary molt. Consequently, nhr-23 transcripts were ~4.8 times 347 more abundant in let-7(n2853) than wild-type young adults. Likewise, the expression 348 curve for nhr-23 was ~3-fold steeper, and the peaks were 1.7 times higher in 349 nhr-23(aaa20) mutants, as compared with wild-type animals ( Figure 4A′ ). With the extra 350 pulse, nhr-23 transcripts were ~3.2 times more abundant in nhr-23(aaa20) than wild-351 type adults. An independent trial produced similar results (Supplemental Figure 3A) . For example, 4-5 ROREs were identified upstream of mammalian let-7-a; at most, 3 of 397 these 6-mers could be explained by chance alone (Supplemental Figure 4A) . Moreover, 398
we identified multiple LCSs in the 3′UTRs of ROR transcripts annotated in the genomes 399 of zebrafish and mammals. Four sites partially complementary to let-7 were uncovered 400 in the 3′UTR of human RORα -one of which perfectly matched the let-7 seed 401 (Supplemental Figure 4B • CONTACT FOR REAGENT AND RESOURCE SHARING 575
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EXPERIMENTAL MODEL AND SUBJECT DETAILS 599
Unique strains of the model nematode Caenorhabditis elegans generated by and 600 used in this research are described in the Key Resources Table.  601 602
METHOD DETAILS 603

Working with C. elegans 604
C. elegans were cultivated, observed, transformed and preserved using standard 605 methods (Stiernagle, 2006) . Newly-hatched worms were developmentally synchronized 606 by passage through starvation-induced, L1-stage diapause. Hatchlings were isolated by 607 lysis of gravid hermaphrodites in sodium hypochlorite, suspension of eggs in M9 buffer 608 supplemented with 5 µg/mL cholesterol, and incubation for 16 to 24 h with rotational 609 aeration. Hatchlings were released from diapause by plating on solid nematode growth 610 medium (NGM) seeded with E. coli OP50-1. One to two hundred larvae were routinely 611 plated on 6 cm NGM plates. Alternatively, ten to fifteen thousand larvae were plated on 612 10 cm NGM plates seeded with 10X concentrated E. coli HT115(DE3), as described 613 below. C. elegans were cultivated at 25°C unless otherwise specified. 614 were both observed and videotaped at 600-fold magnification; L4 and older worms, at 642 300-fold magnification. As described, each worm was classified as active or lethargic 643 during each time sample based on defined target behaviors. Molting-defective and 644 ruptured animals were also identified using standard criteria. Worms were videotaped 645 using a Sony HDR-XR500V or Nikon D500 camera attached to the microscope. To 646 measure the pumping rate (Hz) of each specimen, the corresponding film was played 647 back 4-times slower in iMovie version 10.11.2. The number of recorded pharyngeal 648 contractions (pumps) was divided by the duration of the film. Three independent 649 assessments of selected films produced values within 95% of the mean, validating this 650 approach. In Figure 1B , wild-type adults pumped at 3.9 ± 1.1 Hz (mean ± sd). Dark, 651 medium, and light blue signify pumping rates ≥2.8 Hz, 1.7-2.8 Hz, and <1.7 Hz, 652 respectively. In Figure 1B ', wild-type animals in the L4 stage pumped at 4.0 ± 1.3 Hz 653 (mean ± sd). Dark, medium, and light blue signify pumping rates ≥2.7 Hz, 1.4-2.7 Hz, 654 and <1.4 Hz, respectively. 655
Construction of Fusion Genes and Transgenic Strains 656
The sequences of oligonucleotides used in this study are provided in the Key 657
Resources 
Editing the C. elegans Genome 677
The CRISPR/Cas9 system was used essentially as described (Paix et al., 2015) 678 to delete the endogenous LCS from the 3′UTR of nhr-23, generating the allele 679 nhr-23(aaa20). Briefly, wild-type hermaphrodites were microinjected with a mixture 680 containing the following: nhr-23 crRNA (400ng/µL), tracrRNA (1µg/µL), dpy-10 crRNA 681 (160ng/µL, GE Dharmacon), dpy-10 ssODN (13.75ng/µL, IDT), and CAS9 protein 682 (500ng/µL, PNA Bio) in HEPES buffer pH 7.5 (Sigma-Aldrich) supplemented with 683 0.025µM KCL (Sigma-Aldrich). Injected hermaphrodites (P0s) were singled and 684 screened for Dumpy (Dpy) or Roller (Rol) offspring (F1s), both phenotypes associated 685 with mutations in dpy-10. One hundred F1s were singled from a selected P0. 686
Genotyping the F1s and their descendants (F2s) identified two strains homozygous for 687 identical chromosomal deletions of precisely the 21 nucleotides comprising the LCS. 688
One nhr-23(aaa20) strain was backcrossed to N2 thrice prior to phenotypic analysis. No 689 edits in the dpy-10 gene were found in the backcrossed strain (ARF414). Figure 1B′ . 
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